US009409102B2

a2 United States Patent 10) Patent No.: US 9,409,102 B2
Bol et al. 45) Date of Patent: *Aug. 9, 2016
(54) ISOLATION OF SINGLE-WALLED CARBON (56) References Cited

NANOTUBES FROM DOUBLE AND
MULTI-WALLED CARBON NANOTUBES
(71)  Applicant: GLOBALFOUNDRIES INC., Grand
Cayman (KY)
(72) Inventors: Ageeth A. Bol, Nuenen (NL); George S.
Tulevski, Yorktown Heights, NY (US)
(73) Assignee: GLOBALFOUNDRIES INC., Grand
Cayman (KY)
Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 471 days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 13/914,011

(22) Filed: Jun. 10,2013

(65) Prior Publication Data

US 2013/0274083 Al Oct. 17, 2013
Related U.S. Application Data

(63) Continuation of application No. 12/636.,426, filed on
Dec. 11, 2009, now Pat. No. 8,465,647.

(*) Notice:

(51) Imt.ClL
BOID 17/02 (2006.01)
BOID 2126 (2006.01)
(Continued)
(52) US.CL
CPC .......... BOID 21/262 (2013.01); BO1D 17/0217
(2013.01); B82Y 30/00 (2013.01);
(Continued)

(58) Field of Classification Search

CPC .. BOID 17/0217; BO1D 21/26; BO1D 21/262;
CO01B 31/022; CO1B 31/0226; CO01B 31/026;
CO01B 31/0266; CO01B 2202/02; B04B 5/00;
B04B 5/0042; B82Y 30/00; B82Y 40/00
USPC ......... 210/511,512.1, 634, 787, 789; 494/23,
494/27,35,37, 43, 15-19; 423/445 B, 460,
423/461, 977/742, 751,752, 842, 845

See application file for complete search history.

?6“\

MIXTURE OF
WCNT AND MWONT
LOWER DENSITY

20

U.S. PATENT DOCUMENTS

11/1974 Boeckeler
4/1989 Alspector

(Continued)

3,850,368 A
4,824,560 A

FOREIGN PATENT DOCUMENTS

JP 2006-265035 3/2005

OTHER PUBLICATIONS

Hennrich et al., “Improving separation techniques for single-walled
carbon nanotubes: Towards mono disperse samples”, phys. stat. so.
(b) 245, No. 10, 1951-1953 (2008) / DOI 10.1002/pssb.200879555.

(Continued)

Primary Examiner — Joseph Drodge
(74) Attorney, Agent, or Firm — Scully Scott Murphy and
Presser

(57) ABSTRACT

A method and system are disclosed for separating single-
walled carbon nanotubes from double and multi-walled car-
bon nanotubes by using the difference in the buoyant density
of Single-Walled versus Multi-Walled carbon nanotubes. In
one embodiment, the method comprises providing a vessel
with first and second solutions. The first solution comprises a
quantity of carbon nanotubes, including single-walled carbon
nanotubes and double and multi-walled carbon nanotubes.
The single walled nanotubes have a first density, the double
and multi-walled nanotubes having a second density. The
second solution in the vessel has a third density between said
first and second densities. The vessel is centrifuged to faun
first and second layers in the vessel, with the second solution
between said first and second layers. The single-walled car-
bon nanotubes are predominantly in the first layer, and the
second and multi-walled carbon nanotubes are predomi-
nantly in the second layer.
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